The other was the irrigation experiment where we irrigated a half of experimental field during emergence to maturity. Although the differences between the treatments were smaller, CGR, LAI and mean SLA increased by irrigation. These results indicate that the improvement of soil water condition increased CGR with the increase in LAI and keep RGR by high SLA in spite of high total dry weight at flowering and lower NAR during reproductive stage.
INTRODUCTION
Grain yield can be the product of total dry weight and harvest index, which is the ratio to grain yield to total dry weight, and therefore can be affected by either change in harvest index, a change in dry weight accumulation, or both. The relationship among these components has shown to be inconsistent in the literature. Both Shibles and Weber (1965) and Weber et al. (1966) reported that total dry weight at the beginning of seed development stage to full seed development stage was not correlated to yield and tend to be negatively associated with harvest index, while yield increases were positively associated with harvest index. However, these researchers used different planting patterns and populations to increase dry weight accumulation, and the treatments they imposed affected dry matter accumulation predominantly during vegetative period. Investigation on the vegetative period have reported no evidence to link either dry weight accumulation during the vegetative period or the duration of this period with yield (Egli, 1993) , therefore dry weight at the vegetative period may not contribute to high soybean yield. While there is strong evidence to suggest that enhanced plant growth during the seed development stage (Egli and Zhen-wen, 1991; Shiraiwa and Hashikawa, 1995; Vega et al., 2001 ) is a primary factor contributing to yield formation. Many researchers have found that total dry weight at the beginning of seed development stage (Board and Modali, 2005) and crop growth rate (CGR; Egli and Zhen-wen, 1991) are closely linked to yield. Therefore, it is necessary for high yield to increase total dry weight after flowering.
Dry weight accumulation can be thought of as the integration of both leaf area index (LAI) and leaf photosynthetic rate. The contribution of LAI to soybean yield is partially clear, Board et al. (1996) found that total dry weight and LAI at beginning seed development stage were positively correlated with seed yield. Modern cultivars with high yield also exhibited greater LAI around the beginning of seed development stage (Kumudini et al., 2001; De Bruin and Pedersen, 2009 ), Kumudini et al. (2001) reported that modern genotypes exhibited a greater LAI and a reduced rate of leaf senescence during the seed development stage. LAI impacts its ability to intercept solar radiation and increasing light interception up to 95% of incident solar radiation (Kumudini, 2002) . Greater LAI during reproductive stage would be enable greater solar radiation absorption and increasing assimilate supply to seed formation, as a result, greater soybean yield.
Leaf area is affected by various genetic and environmental factors. Among them, water is one of the strongest factors that controls leaf area through the leaf cell expansion (Frensch, 1997) . In Japan, soybean seeds are often sown around early summer (June-July), when excessive rainfall 'Baiu' occurs, and atmospheric moisture condition changes greatly and rapidly after 'Baiu'. As a result, evaporation exceeds precipitation significantly during the mid-summer, these causes crop plants drought stress (Hirasawa, 1994) . Japanese soybean cultivation is often made in the paddy field, leaf area expansion and mainte-nance of its activity after flowering may be made by improving soil water condition with the irrigation channels of rice cultivation.
Growth analysis method indicates that the increase in leaf area is associated with leaf weight ratio (LWR), which is the leaf weight fraction of the shoot, specific leaf area SLA), which is the indicative of the leaf thickness, or both. These two factors changes in response to environmental ones, but the effect of water condition on the increases in LAI during reproductive period and its association with LWR and SLA were still unclear. The objective of the current study is to determine the effect of LAI on the increase in total dry weight during reproductive period by improving water condition and which factors are associated with its effect. To evaluate the increase in total dry weight by water, the comparison of soybean growth between 2008, which is rainy year, and 2009, which is not rainy year, and irrigation experiment in 2011 were made.
MATERIALS AND METHODS
Crops were surveyed in 2008, 2009 and 2011 on the Farm Station, Mie University (34°81 N, 136°27 E). 'Fukuyutaka', a popular cultivar in western Japan, and 'Misato-zairai', a local cultivar in Mie prefecture. These two cultivar differed in yield components and light intercepting characteristics, but seed yields were similar level (Nagasuga et al., 2011) In 2011, drainage (about 1 m width 1 m depth) was dug around the plots, and the soil surface was covered with clear plastic sheeting to block the rain after emergence. Irrigation tubes were set under the clear plastic sheeting and irrigated a half of the plants from emergence. Soil water condition in the 20 cm depth was monitored by timedomain reflectometry (TDR-314F, Fujiwara, Tokyo, Japan). The mean soil water content per dry soil weight from establishment to beginning seed stage in 2011 was 26.8% w/w in the irrigated plots and 24.9% in the unirrigated plots. The experiments used a split-plot design with two levels of irrigation and two cultivars as factors. We selected four representative plants at flowering (24 Aug.) and eight at beginning seed stage (26 Sept.) and measured dry weight and leaf area for the growth analysis.
Crop growth rate (CGR, g m 2 d 1 ) can be defined in terms of net assimilation rate (NAR) and LAI:
where dw(t) and a(t) are shoot dry weight and leaf area per unit area at time, t, respectively. NAR is indicative of the efficiency of the assimilatory organs to produce dry weight. In addition, relative growth rate (RGR, g g 1 d 1 ) can be defined in terms of NAR, LWR and SLA:
where l(t) is leaf dry weight per unit area at time, t. Twoway analysis of variance (ANOVA) was performed with the software for Excel. Table 2 1 in 'Misato-zairai'). Mean LAI were 3.7 times (4.88 in 'Fukuyutaka') and 4.5 times (6.83 in 'Misato-zairai') higher than those in 2009 (1.32 in 'Fukuyutaka'; 1.51 in 'Misato-zairai'), so higher CGR in 2008 depended on higher mean LAI. On the other hand, RGR were similar be- (Fig. 1) . Similarly, these two cultivars showed significantly higher SLA in 2008 both at flowering and the beginning of seed development stage (Fig. 1) . But LWR in 2008 was as high as those in 2009 at the beginning seed of development stage and, was significantly lower at flowering. ', 6 .75 in 'Misato-zairai') than those of nonirrigated plants (3.29 in 'Fukuyutaka'; 4.61 in 'Misatozairai'). So higher CGR also depended on higher mean LAI in irrigated plants. RGR were similar between treatments in both cultivars. Mean LWR were also similar between treatments, and mean SLA were higher in irrigated plants (281 m 2 g 1 in 'Fukuyutaka', 299 m 2 g 1 in 'Misato-zairai') than those of non-irrigated plants (220 m 2 g 1 in 'Fukuyutaka', 258 m 2 g 1 in 'Misato-zairai'). LAI in irrigated plants was significantly higher than of non-irrigated plants at flowering and the beginning of seed development stage in both cultivars, and the clear difference between cultivars was also found at flowering (Fig. 2) . Irrigation increased LWR at beginning seed stage and SLA at the beginning of seed development stage significantly (Fig. 2) .
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Environ. Control Biol. CGR NAR LAI dw(t)/dt [dw(t)/dt]/[1/a(t)] a(t) RGR NAR LWR SLA [dw(t)/dt]/[1/w(t)] [dw(t)/dt]/[1/a(t)] [l(t)/w(t)] [a(t)/l(t)]
DISCUSSION
Higher soybean yield is often caused by greater plant growth during the seed development stage (Egli and Zhenwen, 1991; Shiraiwa and Hashikawa, 1995; Vega et al., 2001) . The yields of 'Fukuyutaka' and 'Misato-zairai' in 2008 were significantly higher than those of 2009
Vol. 52, No. 4 (2014) Table 3 Crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR), mean leaf area index (mean LAI), mean leaf weight ratio (mean LWR) and mean specific leaf area (mean SLA) from flowering to the beginning of seed development stage for 'Fukuyutaka' and 'Misato-zairai' grown in irrigated and non-irrigated field. ( Nagasuga et al., 2010) , and CGR from flowering to the beginning of seed development stage in 2008 was also higher (Table 2 ). In 2008, there was more rainfall during summer season (Table 1) , higher LAI was found in both cultivars, especially in 'Misato-zairai' ( Table 2 , Fig. 1 ). Less rainfall in 2009 restricted total dry weight (data not shown) and LAI ( Fig. 1) , these would be associated with drought stress. However, NAR from flowering to the beginning of seed development stage of both cultivars were higher in 2009 ( To evaluate whether the increase in LAI was associated with vigorous soybean growth during reproductive period by wet soil condition, we made the irrigation experiment and growth analysis during the period from flowering to the beginning of seed development stage. Irrigation also increased CGR of both cultivars by higher mean LAI (Fig. 2) , LAI at flowering and the beginning of seed development stage was significantly higher by irrigation (Table 3) . While, only mean SLA was higher in irrigated 'Fukuyutaka', and both mean LWR and mean SLA were higher by irrigation in 'Misato-zairai' (Table 3 ). In addition, significant differences were found at flowering SLA) and beginning seed stage (LWR) contrary to LAI at both stage (Fig. 2) . We laid clear mulch sheets to decrease the insertion of rain in the non-irrigation field, but CGR in both cultivars were relatively higher (Table 3) . Rainfall in 2011 was higher than that of normal year, therefore soil water condition would be also well in the non-irrigation field by the insertion of rain or high ground water level. These would be associated with the small difference in LWR and SLA at any stage between the treatments. However, higher CGR, LAI and mean SLA during reproductive period were also found in the irrigation experiment (Table 2, Fig. 3 ). Poorter and Remkes (1990) evaluated the association of RGR with NAR, leaf area ratio (leaf area per total dry weight), specific root length (root length per root weight), leaf area: root length ratio, LWR and SLA in 24 wild herbaceous species, SLA exhibited the good correlation ship with RGR. In this study, rainfall and irrigation increased CGR caused by LAI mainly, SLA contributed to the maintenance of RGR in spite of much dry weight at flowering and lower NAR. While, the inclination angle of soybean leaves before paraheliotropism changes in response to leaf water status, high leaf water content stands leaves (Nagasuga et al., 2013) . Leaf erectness often capture more sunlight (Sinclair and Sheehy, 1999; Saitoh et al., 2002; Soda et al., 2010) , therefore this may reduce mutual shading caused by higher LAI and, as a result, the decline in NAR in soybean plants in 2008 and the irrigation treatment in 2011.
The improvement of soil water condition by rainfall or irrigation increased CGR with the increase in LAI and keep RGR by high SLA in spite of high total dry weight at Environ. Control Biol. flowering and lower NAR after flowering. In general, higher LAI causes mutual shading and the decline in CGR, however, these phenomena were not so large in soybean (at least 'Fukuyutaka' and 'Misato-zairai'). Irrigation would be a simple method to make soybean growth vigorous after flowering.
